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FOREWORD

This volume is one of a set of eleven volumes that describe mechanical and electro-
mechanical systems of the Saturn I, SA-10 launch vehicle and launch complex 37B.
The eleven-volume set is prepared for the Functional Integration Section, Systems
Integration and Operations Branch, Vehicle Systems Division, P&VE Laboratory,
MSFC, by Systems Engineering Branch, Chrysler Corporation Space Division under
Contract NAS 8-4016. Volume titles are listed below:

Volume I RP-1 Fuel System

Volume 11 L.OX System

Volume III LH, Fuel System

Volume IV Nitrogen and Helium Storage Facility
Volume V Pneumatic Distribution System

Volume VI Environmental Conditioning Systems
Volume VII Launch Pad Accessories

Volume VIII H-1 Engine and Hydraulic System

Volume IX RL10A-3 Engine and Hydraulic System
Volume X Separation and Flight Termination Systems
Volume XI Supplement: Legend and Composite Schematic

The technical content of this volume reflects the most up-to-date design information
available from the S-1/S-IB Project Engineer, R-P&VE on July 15, 1964.

System mechanical schematics are provided in section 3 to support the functional
description of the system. The index of finding numbers in section 2 provides phys-
ical and functional descriptions of components identified on the mechanical schematics.
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SECTION 1

FUNCTIONAL DESCRIPTION

1.1 INTRODUCTION ’\)&’:)/ . 9 ,5 //(/

The environmental conditioning systems on launch complex 37B regulate the atmos-
pheric environment of the SA-10 vehicle and launcher area prior to launch. There
are three systems, each with a different function to perform. These systems are:
the environmental control system (ECS), the GN5 deluge purge system, and the water
quench system. '

Components of the systems are located in several areas: launch control center (LCC),
automatic ground control station (AGCS), umbilical tower, and launcher area. See
figure 1-1 for a block diagram of the three systems.

The ECS receives gaseous nitrogen (GNj) from the nitrogen storage facility (volume
IV) and ambient air from a remote air intake. The ECS conditions and distributes
the selected medium to the various vehicle compartments and launcher areas.

The GNjy deluge purge system provides a low-temperature, inert environment in the
S-1 stage engine compartment in the event of a launch cancellation.

The water quench system supplies water to the S-I stage engine compartment in the

event of a fire within the compartment.

Three conditioning units (figure 1-1), each with the capability of cooling air or GN,,
route the selected medium through individual control units where the temperature
of the medium is regulated to the required level.

1.2 ENVIRONMENTAL CONTROL SYSTEM

Air is supplied to the conditioning units from the remote air intake; GNy is supplied
from the nitrogen storage facility (volume IV). The required medium, air or GN,,

is selected at controls in the LCC, and the conditioning units refrigerate, dehumidify,
and deliver the selected medium to the control units. Each conditioning unit is capa-
ble of delivering a flow rate of 300 pounds per minute through two passages, across
the evaporator coils, and into the control units. Passage "A" has a capacity flow
rate of 100 pounds per minute, and passage ''B'' has a capacity fiow rate of 200 pounds
per minute. The evaporator cools and dehumidifies the medium. The control unit
then heats the medium to the temperature required by the vehicle and delivers it
through damper-controlled ducts to the umbilical tower and into the vehicle compart-

ments.
Heat removed from the medium during the cooling cycle is transferred from the

refrigerant to water in the condenser-receiver. The water is then circulated to the
water cooling tower where the heat is dissipated to the atmosphere.
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The major components of the ECS are discussed in order of function as related to the
flow of the medium,

1.2.1 Remote Air Intake (Figure 3-3) - The remote air intake supplies filtered am-
bient air to the conditioning units at a static pressure equal to 3.0 inches of water.
The intake is located away from the launcher area to avoid the induction of contami-
nants into the system. The unit consists of a supply fan, a filter, a pneumatic con-
troller, and a vortex damper.

Air is drawn in through an input screen, Filter A4209, and Vortex Damper A4210 by
Supply Fan A4211. Air pressure equal to a static pressure of three inches of water
is maintained at the input to the conditioning units by Pneumatic Controller A4088.
The controller places pressure on a diaphragm actuator which positions the vortex
damper and regulates the air flow., High Pressure Switch A4367 or Low Pressure
Switch A4358 will actuate if an abnormal condition occurs. The actuated pressure
switch transmits a signal to an indicator located on the LCC control panel.

1.2.2 Conditioning Units -~ Three basically identical conditioning units are located
on the roof of the AGCS. The conditioning units cool and dehumidify the air or GN2
and deliver the selected medium to the control units. The air or GN, output from
the conditioning units is maintained at a static pressure equal to 55 inches of water.

Since the conditioning units are similar, only conditioning unit A-3 (figure 3-3) and
associated controls are described.. Conditioning unit A-3 operates with control unit
D to supply a conditioned medium to the S-1 stage engine compartment and to the
launcher area.

1.2.2.1 Pneumatic Control Pressure. GN, at 8 psig and 20 psig is used to actuate
the pneumatic control components of the conditioning units. GNo at 50 psig is supplied
to the ECS from valve panel No. 5 (volume V). The GNg supply passes through Filter
A4316 (figure 3-1) to Pressure Regulator A4270 where the pressure is reduced to 8
psig. The 8-psig GNg is supplied to Solenoid Valves A4102 and A4103 (figure 3-3)
which control Ball Dampers A4248 and A4249.

The 50-psig GNj input to the ECS also passes through Filter A4317 and Pressure
Regulator A4269 (figure 3-1). The pressure is reduced in the regulator to 20 psig
and is then routed to Booster Regulators A4325 and A4326 (figure 3-3), Pneumatic
Controllers A4250, A4251, and A4371, and Solenoid Valves A4095 and A4096. The
8- and 20-psig GN9 control pressures are monitored at Pressure Gages A4319 and
A4318 (figure 3-1), respectively.

1.2.2.2 Air or GN, Flow (Figure 3-3). Air on GN, may be selected by operating the
AIR/GN2 selector switch located in the LCC. With the selector switch set to the AIR
position, Solenoid Valves A4102 and A4103 energize and cause Ball Dampers A4248
and A4249 to open. Air from the remote air intake enters the conditioning unit through
Air Filters A4107 and A4108. At the same time, Solenoid Valves A4095 and A4096
deenergize and cause Flow Regulators A4097 and A4098 to close and block GN_ flow.
Blowers A4099 and A4101, operated by Motor A4100, draw the air in and force the air
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across Evaporator Coils A4105 and A4370 at a static pressure equal to approximately
57 inches of water. The conditioned air then flows through passages ""A'" and "B'" to
the control unit.

When the AIR/GN2 selector switch is set to the GN, position, Solenoid Valves A4095
and A4096 are energized and Solenoid Valve A4102 and A4103 are deenergized. The
deenergized solenoid valves return to the normally open position and Ball Dampers
A4248 and A4249 inflate to stop air flow into the unit. The energized Solenoid Valves
A4095 and A4096 cause Flow Regulators A4097 and A4098 to open. GN, from the
nitrogen storage facility then flows through Manual Valve A4271 and Filter A4334
(figure 3-1), the flow regulators, and into the conditioning unit. Blower A4099 and
A4101, operated by Motor A4100, draw in GNy and force it across Evaporator Coils
A4105 and A4370 at a static pressure equal to approximately 57 inches of water. The
conditioned GN2 flows out of the conditioning unit into the control unit.

The air or GN, medium is cooled in the evaporator by transferring heat from the medi-
um to the R-22 refrigerant flowing through the evaporator coils. Excess moisture in
the air or GN,y condenses in the evaporator and drops into a drip pan located in the
bottom of the evaporator housing. When the water reaches a preset depth, a float

trap actuates and the collected water flows to a drain. The cooled and dehumidified

air or GN, flows to the control unit.

1.2.2.3 R-22 Refrigerant Flow (Figure 3-3). The R-22 refrigerant flows through the
evaporator in a closed-loop mechanical circuit. Liquid R-22 refrigerant flows from
Condenser-Receiver A4061 through Manual Valves A4065 and A4068, and Filter A4070.
The flow is then through Manual Valve A4067, by Sightglass A4397, through Heat
Exchanger A4391, Solenoid Valve A4071 and Sightglass A4104, to {i=2rmal Expansion
Valves A4090 and A4094. From the expansion valves, the refrigerant flows into the
evaporator where it absorbs heat from the air or GN5 flowing across the evaporator
coils. The R-22 vapors then flow past Temperature Sensors A4087 and A4092, through
Flow Regulator A4089, Heat Exchanger A4391 and Manual Valve A4082, to Compressor
A4079. The compressed refrigerant vapor flows through Manual Valve A4081 and is
then distributed into three branches: (1) through Manual Valve A4273, through control
unit Reheat Coils A4221 and A4223, past Temperature Controllers A4220 and A4225,
through Flow Regulators A4222 and A4224, and Manual Valves A4272 and A4062 to
Condenser-Receiver A4061; (2) through Flow Regulator A4078 and into the compressor
suction line where it maintains a constant load on the compressor; and (3) through
Pressure Regulator A4075 and Manual Valve A4062 into the condenser-receiver, where
the vapor is condensed. The refrigerant vapors are condensed in the condenser-receiv-
er by the cooling action of water circulating through the condenser coils. Water flow
is controlled by Pneumatic Valve A4059.

Maintenance and servicing of Filter A4070 is accomplished by opening bypass Manual
Valve A4069 and closing Manual Valves A4067 and A4068. The refrigerant lines can
be purged by opening Manual Valves A4066 and A4374.

The function of system components in the refrigeration cycle is as follows:

a. Evaporator. The evaporator contains primary Evaporator Coil A4370 and sec-
ondary Evaporator Coil A4105. Each coil is fed by a thermal expansion valve
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and is separate from the other coil. Heat from the medium flowing across the
coils is absorbed by the refrigerant flowing through the coils. The liquid re-
frigcerant vaporizes and is then routed to the compressor.

Thermal Expansion Valves A4094 and A4090. The thermal expansion valves
regulate the flow rate of R-22 relrigerant entering the evaporator. Thermal
Ixpansion Valves A4094 and A4090 are controlled by Temperature Sensors
A4092 and A4087, respectively. The sensors monitor the temperature of R-22
vapor leaving the coil, and control valve opening to maintain the temperature
ol the R-22.

During conditions of low [low, only onc thermal expansion valve is required to
accurately control the flow of R-22. The other expansion valve is deactivated.
Temperature Switch A4361 and Temperature Sensor A4362 actuate at temper-
atures below 105 F and energize Solenoid Valve A4093, which causes Thermal
Expansion Valve A4090 to close. This action deactivates the secondary evap-
orator circuit and incrcases the load on Thermal Expansion Valve A4094. The
valve will then operate at a higher flow rate with incrcased temperature
scensitivity.

Flow Regulator A4089. The flow regulator maintains the temperature of air
or GN2 leaving the evaporator to approximately 40 I by regulating the pres-
surce of R-22 in the evaporator coils. The rate of heat absorption by the R-22
depends on the temperature difference hetween air or GNg and the R-22 hoiling
point. The hoiling temperature of R-22 is directly related to its pressure.

Decercasing the regulator opening increases the pressure of R-22 and increasces
the amount of heat absorbed by the relrigerant. Increasing the regulator open-
ing reduces the amount of heat absorbed.  The regulator is controlled by GN,,
pressure from Temperature Controller A4086. The opening of the controller
is proportional to the temperature of air or GNy scensed by Thermistor A4076.

Compressor A4079. The compressor is an unloaded-start, reciprocating,
suction-gas cooled, scaled unit that has positive pressure lubrication. The
unit compresses R-22 refrigerant vapors and circulates the high-pressure
vapors Lo the control unit, the condenser-receiver, and the hot-gas bypass
regulator. The refrigerant vapors flowing to the compressor flow across the
motor windings and cool the compressor motor. A heater in the crankcase
maintains the oil reservoir temperature ahove ambient to prevent refrigerant
accumulation. The accumulation of liquid refrigerant in the crankcase could
damage the compressor upon resumption of operation after shutdown periods.

Differential Pressure Switeh A4091 in the lubricating oil line protects the com-
pressor against loss of oil pressure. A time-delay switch allows the compres-
sor to operate lor approximately 90 sceconds to establish a pressure differential
and to allow time for suspended oil in the system to return to the crankease.

1l the required pressure differential is not established within 90 seconds, or if
pressure is lost for 90 scconds, Differential Pressure Switch A4091 will actuate ‘
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and the compressor will stop. The differential pressure switch is equipped
with a manual reset button. Pressure Switch A4085 will stop the compressor
if the discharge pressure is excessive, or if the suction line pressure is
insufficient. Compressor discharge Manual Valve A4081 and compressor
suction Manual Valve A4082 permit the compressor to be isolated from the
remainder of the system. Manual Valves A4084 and A4083 allow isolation

of Pressure Gages A4275 and A4274, respectively.

Flow Regulator A4078. The flow regulator prevents the compressor from
being overloaded. This eliminates the requirement for compressor cycling
or cylinder unloading.

A pilot valve within the regulator senses pressure changes in the compressor
suction line caused by the throttling of Flow Regulator A4089. The pilot valve
opens or closes accordingly to operate the main part of the valve, allowing
the required amount of hot discharge gas to flow back to the compressor
suction line. This keeps a constant load on the compressor and prevents
cavitation. When the main blower confrol circuits are deenergized, the nor-
mally closed hot-gas bypass Solenoid Valve A4077 is deenergized. Liquid
shutoff Solenoid Valve A4071 prevents leakage of liquid R-22 refrigerant to
other parts of the system when the system is shut down. The valve is con-
trolled by safety interlock Pressure Switch A4394. The valve opens when
the blower starts, and closes when the blower stops.

Desuperheater Valve A4106. The desuperheater valve controls the temper-
ature of the R-22 refrigerant in the compressor suction line by injecting
controlled amount of liquid R-22 into the suction line. This prevents the
compressor from overheating.

Pressure Regulator A4075. The pressure regulator forces hot R-22 refrig-
erant gas to flow to the control unit reheat coils. The regulator maintains
the compressor discharge pressure approximately 10 psig higher than the
condenser-receiver inlet pressure. The pressure differential forces the gas
through the reheat coils and back to the condenser-receiver.

Condenser-Reciever A4061. The hot compressed gases are changed into a
liquid in the condenser section of the condenser-receiver. The unit then
stores the liquid in the receiver section which has the capacity to hold the
entire R-22 refrigerant charge when the conditioning unit is shut down. The
condenser-receiver receives the hot, gaseous, R-22 refrigerant from the
reheat coil. Water from Water Cooling Tower A4379 (figure 3-1) reduces
the temperature of the R-22 to its dew point and the condensate is stored in
the receiver for recycling. Water flow through the condenser-receiver is
described in paragraph 1. 2.4, Relief Valve A4064 relieves condenser pres-
sure at 350 psig. Manual Valve A4063 may be used to vent or purge the
refrigerant side of the condenser. Manual Valves A4062 and A4065 are used
to isolate the condenser for maintenance purposes. Refrigerant charging
Manual Valve A4066 is used to add R-22 to the system.
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i.  Filter A4070. The filter removes moisture and foreign particles from the
R-22 refrigerant charge. The filter may be removed or replaced without
losing the R-22 charge by closing Manual Valves A4067 and A4068. A by-
pass line and Manual Valve A4069 permit the filter to be changed while the
system is operating.

j. Indicators. Sightglass A4397 provides a visual means of detecting moisture
in the refrigerant charge. Sightglass A4104 is used to check whether or not
the refrigerant charge is adequate.

1.2.3 Control Units - The control units receive preconditioned air or GN_ at 40 F
and heat the medium to the temperature required by the particular compartment which
the unit services. The control units use hot R-22 refrigerant flowing through a re-
heat coil to heat the air or GN,. An electric heater aids in heating the medium to the
temperature required for distribution to the S-1 stage engine compartment when the
reheat coil has reached the maximum temperature output.

Since the control units are similar, only control unit D (figure 3-3) is described.
Control unit D operates with conditioning unit A-3 to supply a conditioned medium to
the S-I stage engine compartment and to the launcher area.

Reheat Coil A4221 uses R-22 refrigerant vapor to heat air or GNg to a maximum of
85 F. The R-22, after circulating through the reheat coil, returns to the condenser-
receiver in the conditioning unit. R-22 may be vented from the system by opening
Manual Valve A4374.

Temperature of the air or GNy leaving the control unit is regulated by controlling
the flow of R-22 refrigerant through the reheat coil. A thermistor in the engine and
launcher compartments transmits a continuous temperature signal to Temperature
Controllers A4220 and A4225. The controllers actuate the motor-drive mechanism
for Flow Regulators A4222 and A4224 respectively. Operation of the flow regulators
throttles R-22 refrigerant flow through the reheat.coil to maintain temperature in the
engine and launcher compartments.

When the engine compartment temperature requirement exceeds the capability of the
reheat coil, Electric Heater A4246 is energized. The heater has the capacity to heat
the medium for the S-1 stage engine compartment to 210 F. Each of the electric
heaters has three fixed-capacity heating elements which are sequentially energized
as required to maintain the medium at the desired temperature.

When Flow Regulator A4222 completely opens, indicating the reheat coil capacity has
been reached, a limit switch closes and energizes the motor on a cam-operated switch
assembly. The motor rotates and causes a contactor on the switch to close. This
action energizes one of the three heater elements. The motor continues to operate
and cam action keeps the contactor closed. If one heating element satisfies the tem-
perature controller, the limit switch opens and the motor stops. Flow Regulator
A4222 will then modulate to control refrigerant flow. If additional heat is required,
the limit switch actuates and the motor will drive to the next position and energize the
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second heater element. If the flow regulator fully closes, a second limit switch is
actuated. This causes the motor to reverse direction and sequentially deenergize the
heater elements.

The capacity of the reheat coil exceeds the capacity of any single heating element. This
feature allows the reheat coil to provide modulating temperature control and the electric
heaters to supplement the reheat coil as required.

Over-Temperature Cutout Switch A4349 deenergizes the electric heater when the sensed
temperature exceeds the preset value for the control unit. The switch will reenergize
the heaters when the temperature decreases 50 F below the preset value.

1.2.4 Water System - Water at ambient temperature is used to cool the hot R~22 re-
frigerant gases in the condenser-receivers. The water is pumped from Water Cooling
Tower A4379 (figure 3-1) to the condenser-receiver of each conditioning unit. Manual
Valves in the input and output lines to each condenser-receiver permit each unit to be
isolated for maintenance. An orifice in each condenser-receiver bypass line balances
the water flow to each unit and compensates for differences in plumbing. The following
paragraphs describe the major components in detail. Because the condenser-receivers
are similar, only the condenser-receiver in Conditioning Unit A3, A4332 (figure 3-3)
is described.

1.2.4.1 Water Cooling Tower A4379 (Figure 3-1). The water cooling tower consists

of an aerating system of trays, a blower, and a catch-basin. The hot water enters the
tower at the top. Spray pipes and a tier of trays break up the water and Blower Motor
A4053 forces ambient air through the resulting spray to cool the spray as it falls into
the catch-basin. Float Valve A4052 maintains the basin water level by admitting make-
up water through Manual Valve A4050. Manual Valve A4150 permits blow-down to keep
mineral deposits out of the system; the valve must be opened whenever the system is
operated. The basin may be drained through Manual Valve A4051 when required. Pump
A4054 draws cool water from the catch basin and pumps it through Check Valve A4320
to the condenser-receivers of the conditioning units.

i.2.4.2 Condenser-Receiver Water Regulation (Figure 3-3). Cooling water is admitted
to the condenser-receiver through isolating Manual Valve A4057. Water flow through
the condenser-receiver is regulated by Pneumatic Valve A4059. The pneumatic valve

is differential-pressure operated and controls flow through the condenser-receiver by
diverting part of the flow through a bypass line. A 20-psig GN, reference pressure is
supplied to one side of the valve and a 5- to 15- psig GNjy conirol pressure is suppiied
to the other side. The control pressure is proportional to the operating pressure inside
the condenser-receiver and controls the opening of the bypass port of Pneumatic Valve
A4059. Initially, condenser-receiver pressure is zero and the pneumatic valve is in
full bypass position, resulting in minimal water flow into the condenser-receiver. As
the pressure increases, the bypass port closes proportionately to progressively increase
the flow of cooling water into the condenser-receiver. This action continues until the
system stabilizes and flow through the condenser-receiver is approximately equal to the
bypass flow, Orifice A4060 balances full bypass flow around Condenser-Receiver
A4061 with full bypass flow around the other condenser-receivers. Manual Valve A4058
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functions as a water service valve and as a vent for the condenser-receiver. Manual
Valve A4058 is also used to drain the water from the condenser-receiver when required.
Pneumatic Controller A437fadjusts the pressure of the 20-psig GN2 supply in accord-
ance with the internal pressure of Condenser-Receiver A4061. This fluctuating pres-
sure is supplied to Pneumatic Valve A4059 to regulate the flow of cooling water to the
condenser-receiver. The heated water from the condenser-receiver is routed back to
the cooling tower through isolating Manual Valve A4056.

1.2.5 Distribution Ducts - Eight ducts conduct conditioned air or GNy from the envi-
ronmental control units to the umbilical tower. Because the ducts and related com-
ponents operate in a similar manner, only the flow through one duct from control unit
D (figure 3-3) is described.

The conditioned air or GNo from control unit D flows through Venturi A4308 where the
flow is monitored by Differential Pressure Transducer A4306 and Differential Pressure
Switch A4381. The transducer transmits a signal that is read out as flow rate in the
LCC. The pressure switch will shut down the conditioning unit if the flow rate is in-
sufficient. The medium flows from the venturi through motor-operated Damper A4307
and Check Valve A4352, to the S-I stage engine compartment manifold. The damper,
controlled from the LLCC, regulates the flow of the medium.

1.2.6 S-I Stage Engine Compartment Conditioning - The S-I stage engine compart-
ment receives conditioned air or GNg from control unit D (figure 3-3) at a pressure
equal to 55 inches of water. The medium flows from the duct to Pneumatic Valve
A4342 (figure 3-4). When Solenoid Valves A4387 and A4388 are energized, the medi-
um flows through the opened pneumatic valve to Pneumatic Valves A4903 and A4908.
Solenoid Valves A4904 and A4905 are then energized to open Pneumatic Valves A4903
and A4908, respenctively. The flow through Pneumatic Valve A4903 passes through
Manual Valves A4339 and A4340, Quick-Disconnect Couplings A4343, A4344, and
B502, and into the distribution manifolds. The flow through Pneumatic Valve A4908
passes through Manual Valves A4347 and A4348, Quick-Disconnect Couplings A4345,
A4346, and B502, and inot the distribution manifolds. The conditioned medium main-
tains the temperature of the compartment to approximately 60 F. The manual valves
are adjusted to balance the flow through the distribution manifolds.

1.2.7 S-I Stage Forward Instrument Compartments Conditioning - The conditioning
medium for the S-I stage forward instrument compartments flows from control unit

B (figure 3-1) through the duct and Quick-Disconnect Couplings A3058 and B320 (figure
3-4) into the distribution manifolds. The medium is vented from the instrument com-
partments through a return line and Quick-Disconnect Coupling B321. The medium
maintains the temperature of the compartments hetween 80 and 85 F.

1.2.8 S-IV Stage Engine Compartment Conditioning - The conditioning medium for the
S-1V stage engine compartment flows from control unit C (figure 3-2) through the ducts
and Transition Assembly A4398 (figure 3-4) to the manifold. Thermistor E59 monitors
the temperature. The temperature of the compartment is maintained between 150 and
157 F.
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1.2.9 Instrument Unit Compartment and S-IV Forward Interstage Conditioning - The
conditioning medium flows from control unit B (figure 3-1) through Transition Assembly
A3282 (figure 3-4) to the instrument unit compartment. Temperature in the compart-
ment is maintained between 40 F and 60 F.

The conditioning medium for the S-IV forward interstage flows from control unit B
(figure 3-1) through Transition Assembly A3281 (figure 3-4) to the S-IV forward inter-
stage compartment. Temperature in the compartment is maintained as required by
action of Electric Heater A4241, (figure 3-1) located in control unit B.

1.2.10 ECS Control - The ECS is operated by control equipment located in the LCC
and the AGCS. The control equipment includes devices which control and monitor the
operation of the ECS. The AGCS controls are used for operation of the ECS while the
vehicle is being checked out and tested. The LCC controls are used during launch
operations. Since the following paragraphs describe the operation of the ECS during
a launch sequence, only the LCC controls are described.

Two ECS control racks in the LCC consist of twelve panels containing system starting
controls, air or GN2 temperature controls and indicators, flow rate controls and in-
dicators, and malfunction indicators.

1.2.10.1 System Control Panel. The SYSTEM CONTROL panel contains the following
controls:

a. D. C. POWER ON/OFF switch - Controls application of all de power to the
system.

b. System START pushbutton - Starts the system.
c. System STOP pushbutton - Shuts down the system.

d. AIR/GNjg switches (4) - Selects the conditioning medium supplied to the vehicle
compartments and launcher area.

1.2.10.2 Compartment Temperature Control Panels. The compartment temperature
control panels contain controls and indicators for setting and monitoring the vehicle
compartment temperatures. There are seven panels, one for each compartment.
The controls, indicators,and their function are as follows:

a. COMPARTMENT TEMPERATURE Gage - Indicates the temperature of either
the vehicle compartment, or the duct leading to the compartment, depending
on the location of the sensor.

b. TEMP. SELECTOR - Presets the temperature the automatic circuit will control.

c. MANUAL/AUTO Switch - Deenergizes the automatic control circuit to allow
manual control of the compartment temperature.

d. TEMPERATURE CONTROL VALVE POSITION Gage - Indicates the degree of
opening of the flow regulator.

1.9
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INCREASE/DECRE ASE Switch-Operates the flow regulator to increase or

decrease the flow of refrigerant through the control unit reheat coils when the
MANUAL/AUTO switch is in the MANUAL position.

FLOW CONTROL Gage - Indicates the flow rate of the air or GN5 through the
duct,

FLOW CONTROL INCREASE/DECRE ASE Switch - Operates the motor-driven
damper in the duct to increase or decrease the flow rate of the air or GNg.

,2.10.3 Conditioned Gas Temp. - Evaporator Disch. Panel. The CONDITIONED
tAS TEMP. - EVAPORATOR DISCH. panel contains gages for monitoring the temp-
rature of the conditioned medium leaving each conditioning unit evaporator. There is
me gage for each passage through the evaporator.

a.

PAYLOAD/BLOWER ""A' Gage - Indicates the temperature of the air or GNg
leaving the evaporator of conditioning unit A-1 through passage '"A''. Passage
A" services the payload forward and aft compartments.

INST. UNIT - S-1 FORWARD/BLOWER ""B'" Gage - Indicates the temperature
of the air or GXN» leaving the evaporator of conditioning unit A-1 through pas-
sage '""B''. Passage ""B" services the S-I stage instrument compartments.

S-1V Engine Blower '"A" Gage - Indicates the temperature of the air or GNy
leaving the evaporator of conditioning unit A-2 through passage ""A''. Passage
""A" is not presently in operation.

S-IV EXGINE/BLOWER "B'" - Indicates the temperature of the air or GNy
leaving the evaporator of conditioning unit A-2 through passage ''B''. Pas-
sage ''B'" services the S-IV stage engine compartment.

S-1 ENGINE -LAUNCHER/BLOWER ""A" Gage - Indicates the temperature
of the air or GNy leaving the evaporator of conditioning unit A-3 through passage
"A', Passage "A'" services the launcher compartment.

S-I ENGINE-LAUNCHER/BI OWER ''B"" Gage - Indicates the temperature of the
air or GNjy leaving the evaporator of conditioning unit A-3 through passage "B''.
Passage "B'' services the S-1 stage engine compartment.

1.2.10.4 Intake Air - Nitrogen Purge Panel. The INTAKE AIR - NITROGEN PURGE
panel contains controls for the operation of the remote air intake. The controls are
as follows:

a.

1.2.11

INTAKE AIR BLOWER CONTROL/STLOW Button - Starts the remote air intake
fan at slow speed.

INTAKE AIR BI OWER CONTROL /FAST Button - Starts the remote air intake
fan at fast speed.

STOP Button - Stops the remote air intake fan.

ECS Operation - Initially all circuit hreakers, switches. and selectors are set

to the normal operating positions. The D. C. POWER switch on the SYSTEM CONTROL
panel is placed to ON position. The INTAKE AIR BLOWER CONTROL/FAST hutton
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located on the INTAKE AIR - NITROGEN PURGE panel is pressed to energize the
remote air intake fan.

1.2.11.1 System Starting. The system is ready for operation after the preliminary
functions have been performed. The SYSTEM START button on the SYSTEM CONTROT
panel is pressed to initiate the starting scquence.

When the SYSTEM START button is pressed, a lock-in relay in the AGCS will energize
the cooling tower pump and fan. When the pump and fan reach operating speed, a
switch is closed which actuates a scquence controller in the AGCS. The scquence con-
troller is a motor-driven switch bank that starts the conditioning units in sequence

to minimizce the starting current surge.

1.2.11.2 Air or GN,, Temperature Control. The temperature of the air or GNy
delivered to a particular compartment is determined by the setting of the TEMP.

SIT ECTOR control on the compartment temperature control pancl. A sensing probhe
deteets the temperature of the compartment and transmits a monitoring signal to the
L.CC. A diftference hetween the detected temperature and the selected temperature
causcs Flow Regulators A4222 and A4224 (figure 3-3) to actuate accordingly. If the
automatic control circuil should fail, a manual circuit can be activated by placing the
MANUAL/AUTO switch to the MANUAL position. This allows the {low regulators to
be controlled by the INCREASE/DECRIEASE switch. Placing the switch in the IN-
CRFEASFE position opens the regulator further, thereby increasing the temperature of
the compartment.  Placing the switeh in the DECREASE position reverses the action.
The TEMPERATURE CONTROI. VALVE POSITION gage indicates the degree of reg-
ulator opcning.

Figurce 1-2 illustrates the temperature profile of the various conditioning operations
performed on the air or GNy flow.

1.2.11.3 Air or GN,, Flow Control (Figure 3-3). When air is the required condition-
ing medium, the AIR/GN2 selector switch [or the conditioning unit is set to the AIR posi-
tion. With the selector switeh in this position, normally open Solenoid Valves A4102

and A4103 and normally closed Soleneid Valves A4095 and A4096 are encrgized. Closing
Solenoid Valves A4102 and A4103 blocks the 8-psig GN, control pressure to Ball
Dampers A4248 and A4249 and vents the dampers. This action allows air from the

fresh air intake to flow into the passages. Simultaneously, Solenoid Valves A4095 and
A4096 are cnergized and 20-psig GNy control pressurc is applied to the actuator of
Pncumatic Controllers A4250 and A4251. This shuts off the control pressure te Booster

Regulators A4325 and A4326 and causcs the 20-psig control pressure to be applied to
Flow Regulators A4097 and A4098 and the flow of GNy is blocked.

When GNo is the required conditioning medium, the AIR/GNz selector switch is set
to the GN, position. This causcs Solenoid Valves A4102 and A4103 to deencrgize and
the 8-psig GN, control pressurce flows through to inflate Ball Dampers A4248 and
A4249 and block the (low of air. At the same time, Solenoid Valves A4095 and A4096
are deenergized. This action removes the 20-psig GN2 control pressurc and applics
downstrcam blower pressure to the actuator of Pneumatic Controllers A4250 and
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A4251. The pneumatic controllers then modulate the 20-psig GN,, control pressure
to the actuators of Booster Regulators A4325 and A4326. The hooster regulators in
turn control the pressure to operate Flow Regulators A4097 and A4098. An increase
or decrease of the downstream hlower pressure causes the pressure regulators and
hooster regulators to modulate the flow regulators and maintain a static pressure
equal to 57 inches of water downstream of the hlowers in passages '"A' and "'B'.
Passage ""A'" and passage ""B'' in Conditioning Unit A-1, A4328 (figure 3-1), can he
operated independently. In this unit, passage '""A' may have GN2 flowing while pas-
sage ""B" may have air flowing. However, in the other conditioning units, the same
medium must flow in both passages.

1.2.11. 4 Evaporator Refrigerant Regulation (Figure 3-3). Flow Regulator A4089
controls the flow of vaporous R-22 refrigerant from the evaporator to the compressor.
A 20-psig GN2 control pressure supplied to Temperature Controller A4086 is con-
trolled bv a signal from Thermistor A4076 that corresponds to the temperature of the
air o1 *7 leaving the evaporator. The output of the controller actuates the flow reg-
ulator and throttles the refrigerant flow to the compressor. The throttling action of

the regulator in turn controls the temperature of the R-22 refrigerant.

1.2.11.5 Condenser Water Regulation (Figure 3-3). Water regulator Pneumatic
Valve A4059 controls the flow of water through the condenser-receiver. GN, control
pressure at 20 psig is supplied to Pneumatic Controller A4371. A pressure signal
from .he condenser-receiver causes the pneumatic controller to vary the GNy supply.
The varying GN, output of the pneumatic controller is supplied to Pneumatic Valve
A4059 as control pressure and causes the pneumatic valve to throttle the water cir-
culating through the condenser-receiver.

1.3 GNy DELUGE PURGE SYSTEMN

The GNy deluge purge system (figure 3-4) provides a high volume supply of GN, at

50 psig to the S-Tengine compartment in the event of a malfunction that causes engine
shutdown. The purge provides a cool, inert atmosphere to reduce the possihility of
fire. The GN, deluge purge syvstem consists of the deluge purge panel. control valves.
and distribution manifolds.

The deluge purge panel receives 3000-psig GNo from the pneumatic control distrihutor
(volume V). The GNj flows to dome-loaded Pressure Regulator A2255 and to Pres-
sure Regulator A2252 past Pressure Gage A2251. Pressure Regulator A2252 reduces
the pressure to 50 psig for loading Pressure Regulator A2255. From Pressure Regu-
lator A2252, the GN, flows past Pressure Gage A2261 to Solenoid Valve A2254. Manual
Valve A2262 permits venting through Pneumatic Silencer A2266. When a deluge purge
command is given, Solenoid Valve A2254 is energized and Solenoid Valves A4387 and
A4388 are deenergized. The normally open port of Solenoid Valve A4388 closes Pneu-
matic Valve A4342 to isolate the GNy deluge purge system from the ECS. Solenoid
Valve A2254 allows the reference pressure to flow through Orifice A2253 to the dome
of Pressure Regulator A2255. The regulator opens and reduces 3000-psig GN, to 50
psig in accordance with the reference pressure. The 50-psig GNg then flows past
Shuttle Valve A2263, Pressure Switch A2256, and Pressure Gage A2258 into the dis-
tribution manifolds. The purge supply then branches and flows to Pneumatic Valves
A4903 and A4908. When Solenoid Valves A4905 are energized, Pneumatic Valves
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A4903 and A4908, respectively, are opened. From Pneumatic Valve A4903, the GN2
flows through Manual Valves A4339 and A4340, Quick-Disconnect Couplings A4343
and B502, and Quick-Disconnect Couplings A4344 and B502 into the S-I stage engine
compartment. From Pneumatic Valve A4908, the GNjy flows through Manual Valves
A4347 and A4348, Quick-Disconnect Couplings A4345 and B502, and Quick-Disconnect
Couplings A4346 and B502 into the S-I stage engine compartment.

1.4 WATER QUENCH SYSTEM

The water quench system (figure 3-4) supplies water at 125 psig to the S-1 stage engine
compartment and is used only in the event of a fire. The water quench system consists
of valves and controls to admit water through the same distribution lines and manifolds
used for environmental conditioning and GN2 deluge purge. The water quench system
uses 750-psig GNo from the launcher manifold as a control pressure. Operation of
the system is manually initiated in the LCC upon receipt of a signal from the fire de-
tection system within the engine compartment. When the signal is initiated, Solenoid
Valves A4904 and A4905 are deenergized to close Pneumatic Valves A4903 and A4908,
respectively. Simultaneously, the Solenoid Valves A4902 and A4906 are energized and
allow 750-psig GN2 control pressure to open Pneumatic Valves A4901 and A4909, re-
spectively. Water then flows at 125 psig through the open pneumatic valves, Manual
Valves A4339, A4340, A4347, and A4348, Quick-Disconnect Couplings A4343, A4344,
A4345 and A4346, and four Quick-Disconnect Couplings B502. The water is uniformly
distributed through the manifolds to quench the fire and cool the engine compartment.
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SECTION 2
INDEX OF FINDING NUMBERS

This section contains an alpha-numerical list, by finding number, of the environ-
mental conditioning systems components that function during a prelaunch countdown
or in the event of a launch abort. The finding numbers listed identify components on
system mechanical schematics provided in section 3. Additional columns in the index
of finding numbers provide such pertinent information as component description and
function, part number, and the supplier’s name and part number. A break will occur
in the alpha-numeric sequence of finding numbers when a component, or component
series is non-functional during the countdown, functional only in the event of a mal-
function, functional in terms of a maintenance operation only, or is part of another
functional system.

The letter prefix of a finding number identifies the component location with respect to
either the launch complex or an area of the launch vehicle. The letter prefixes used
in this eleven-volume set are listed below.

FINDING NUMBER DESIGNATED AREA

PREFIX
A Launch complex
B S-1 stage
E S-1V stage
G Instrument unit
H Payload
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SECTION 3
MECHANICAL SCHEMATICS
This section contains mechanical schematics that show the functional arrangement of

the environmental conditioning systems components listed in section 2. For a defini-
tion of the mechanical symbols used, see MSFC-STD-162A.

3.1
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